THIs research was carried out for the purpose of finding a more accurate test for cases of malaria. The only certain method of diagnosing this disease is to find the parasites in the peripheral blood; tbis is only possible when the infection is heavy enough to enable the pathologist to find parasites after a reasonable search in a thick film.
Many patients are admitted to hospital with a diagnosis of malaria' on clinical grounds only, and many have received treatment with quinine before they have been examined for parasites, the result being that a large proportion of cases are labelled as malaria on the history of the case alone. A differential leucocyte count where no parasites are found is of great assistance in diagnosing these, and when the large mononuclears show a marked increase we can be fairly certain that the case is one of malaria, especially when there is a marked' anemia and splenic enlargement, with a definite history of rigors and temperature. The blood picture, alone, however, with the absence of malarial parasites always leaves us in some doubt whether the case is actually one of malaria, especially if no parasitic relapse occurs while the patient is under observation without treatment.
Many soldiers in the Tropics have been diagnosed as cases of malaria which are not malaria, and it is a common error to send patients into hospital diagnosed as typhoid which are proved afterwards to be malaria. Comatose malaria has again and again been confused with heatstroke with disastrous-results. A golden rule ought to be framed by physicians in a tropical country-namely, in all cases of obscure fever, before 0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ commencing treatment examine a blood film for parasites, and if that is negative have a blood culture done. If this were carried out many mistakes would be avoided. On treatment by qulnine (10 gr. t.i.d.), malarial parasites rapidly disappear from the peripheral blood so that about the fourth day asexual forms are so scarce that as a rule they cannot, be found even after prolonged search.
Many methods of treatment have been tried, but there is no accurate means of diagnosing whether the patient is absolutely cured or not. We know that treatment must be. continuous and prolonged if relapses are to be avoided, but we are never able to guarantee that the fever will not return. If a disease is not cured and a specific organism is still present in the body in large enough numbers to eroduce a ce?rtain quantity of antibody, we know ihat if we can produce a specific antigep it ought to be possible to deviate the complement. The strength and sensitiveness of this reaction depends on the presence of sufficient antibody and its specific antigen. Little is known about the antibodies formed against the malarial parasites, but there must be some, and there is no doubt these play a.great part in the production of a natural immunity, and eventually many cases of malaria recover without treatment, usually after many attacks of fever over a prolonged period.
Immunity, though not quite absolute, is established to a certain extent and in a specific complement-fixation reaction we are able to measure the defensive activity of the infected host. Complement is deviated or fixed when antibody and its specific antigen are present in the test, and in this series of experiments we have prepared a malarial antigen successfully in the following manner:
In a preliminary note poIlished in the British Medical Journal (1918) [2] we described shortly the technique for making antigen, so that other experimenters might work along similar lines and perhaps improve the method. Cultures are prepared of malarial parasites, either benign or malignant tertian according to the method elaborated by J. G. Thomson and D. Thomson (1913) [1]. Cases in which the peripheral blood is heavily loaded with parasites are to be preferred, and, if possible, they should have received no previous quinine treatment. After growing in the incubator at 370 C. for twenty-four to forty-eight hours, the supernatant serum is pipetted off and an excess of sterile 'distilled water is added to the remaining sedimented corpuscles in the tube. Shake well up and so lake the corpuscles. Centrifuge and pipette off the red h'emoglobin-stained water, so leaving a deposit of debris of corpuscles, leucocytes and parasites. Add again an excess of distilled water, shake up and centrifuge and so on until the supernatant water is practically colourless 'and thus the whole of the haemoglobin is removed. We now have a deposit of malarial parasites, and if this deposit is smeared on a slide and stained, we find, if the culture is a good one, that we have almost a solid mass of parasites with sonle leucocytes and the empty envelopes of red blood corpuscles. Dissolve this sediment in as small a quantity as possible of N/10, NaOH, and a viscid yellow fluid is obtained. Neutralize this carefully with normal HCl. If too much acid is added we cause a precipitate, and this must be avoided.
So far we have found this concentrated solution of parasites too anticomplementary to use as it is, and dilution is necessary with normal saline. The ideal aimed a;t is to obtain as concentrated an antigen as possible which is nfot too anticomplementary, for it is by getting a strong antigen that we will expect to get more sensitive and reliable results.
Dilute this antigen ten times with normal saline and carry out a' preliminaary titration with complement (guinea-pig's serum). The actual test is that recommended by D. Thomson (1918) for gonorrhoea [3] .
Take twelve Wassermann tubes and add 01 c.c. of guinea-pig's serum (complement), diluted as follows (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 1/10 1/20 1/30 1/40. 1/50 1/60 1/70 1/80 1/90 1/100 1/110 1/120 _ dilutions of complement.
Add to each 01 c.c. of antigen (diluted 1 in 10). At the same time when testing each new batch of antigen it is better to conduct similar tests, the antigen being diluted 1 in 20, 1 in 30, 1 in'40, 1 in 50, 1 in 60, 1 in 70, 1 in 80, 1 in 90, and 1 in 100. Thus we can find without waste of time the dilution which has not too much anticomplementary action. This complete test will take, therefore, ten rows of tubes, but it can be made shorter by making jumps-for example, the antigen could be tested 1 in 10, 1 in 40, 1 in 50, and if found to be unsatisfactory in these dilutions, higher dilutions could be carried out later.
Having added the complement and the' antigen to the tubes, place them all in the ice chest for at least one hour, and then give half an hour in the water-bath at 370 C. Add to each tube 01 c.c. of sensitized sheep's corpuscles (3 per cent. suspension). Place the trays immediately in water bath at 370 C., and read the result in fifteen minutes. The lowest dilution of complement which produces complete haemolysis in that time should be taken as the minimum hoemolytic dose. Note the dilution of antigen which gives a satisfactory result, and dilute antigen accordingly. As I have pointed out, the stronger the antigen the better, provided it is not too anticomplementary. So far I am quite unable to explain why some antigens are so anticomplementary, but further experimental work may throw some light on this. The actual test of the malarial sera is based on the technique of Captain D. Thomson (1918) . Four tubes, A, B, C, and D, are employed for the serum of each suspected malaria. To A, B, and C, add 0:1 c.c. of serum (inactivated at 560 C. for ten minutes) and' diluted 1 in 10 with normal saline. Sometimes it is better to dilute the serum only 1 in 5. To tube A add complement 0'1 c.c., containing three and a half minimum hEemolytic doses. To tube B add complement 0'1 c.c., containing three minimum haemolytic doses. To C add complement 0 1 c.c., containing two and a half minimum haemolytic doses. To D add complement 01 c.c., containing two and a half minimum heemolytic doses. To A, B, and C add 01 c.c. of antigen, preferably a compound antigen made up of different strains of parasites and diluted according to what has been found necessary after titration against the complement used. To tube D add no antigen, but 01 c.c of normal saline, so that this acts as a serum control. Place all the tubes in the ice chest over-night and add to each next morning 01 c.c. of sensitized sheep's corpuscles; place immediately in the water-bath and read the results quickly in exactly fifteen minutes.
With each batch of sera tested, introduce at least two known positive malaria sera and two known negative sera, that is the sera of persons who have never had malaria and which we know possess no anticomplementary action per se. As soon as the control tubes D show complete hemolysis and the negative sera show hmmolysis, the results in A, B, and C ought to be read afid noted at once and also at the end of fifteen minutes. If left longer, and the reaction is a weak one, we fail to detect weak positive reactions. An antigen control containing no serum but an equal amount of saline and two and a half minimum haemolytic doses is necessary, since antigen may absorb complement during the night in the ice chest. If control sera and antigen are unsatisfactory it is quite impossible to read the test, and the experiments will be required to be repeated. As the reaction is a delicate one, and requires to be very carefully controlled, we avoid using old serum, which is perhaps contaminated, and thus develops anticomplementary power, apart from any specific antibody in it. Sera previously heated and kept for a few days, must be heated again immediately before the test.
RESULTS OF EXPERIMENTS ON THE COMPLEMENT DEVIATION ON 200 CASES OF MALARIAL INFECTION.
It was first necessary to test the sera of known malaria cases with parasites present in the blood in order to find out if positive results could be obtained with the antigen used. Antigens were prepared from single cases of malaria and used unmixed with other strains. Separate antigens were prepared from benign and malignant tertian malaria, and also from the spleen of a malignant tertian case. This latter method of obtaining antigen may prove to be the best, but, unfortunately, we have not yet been able to obtain a heavily infected spleen.
The spleen antigen prepared here did give positive results, but these. were weak and unsatisfactory. The actual experiments carried out were as follows:-(A) Preliminary Experiments carried out in known Cases of Benign Tertian Malaria, all wvith Plasmodium vivax present in the Blood, using Antigen prepared fromn a Single Strain of Parasites (Plasmodium vivax).
All these cases were done with an antigen prepared from a single strain of Plasmodium vivax (a Salonica strain). Seven out of the nineteen gave only weak positive reactions, and one serum gave a completely negative result, although the blood contained numerous parasites, the patient havingi had a rigor on the day previous. The remaining eleven cases gave positive results, and all, after standing in the tubes for a short time, became negative. For this reason the results must be read quickly after the control serum and the known negative sera show complete haemolysis.
The serum which gave a completely negative result must have been either very deficient in antibody or the antigen used was not specific to that particular strain. We shall discuss this later under a separate section.
(B) Experiments carried out in order to determine if Separate
Strains of Parasites react diftere?itly to Various Antigens.
In this series of observations an attempt was made to determine if some antigens were specific to certain strains of parasites. The cases under discussion were all benign tertian, and all at the time of examination had parasites (Plasmodium vivax) present in the blood. It was thought that strains from Salonica, Mesopotamia, Egypt, East Africa or Palestine, might react differently with different antigens. This point we have been quite unable to settle, because it is possible that the real cause of these varying reactions is due to slight differences in the preparation of the antigens.
It is evident from these experiments that some antigen gave a much stronger reaction with these cases. This may be due to the fact that the antigen was stronger, or to the strain of the parasites used in its manufacture.
(C) Experiments conducted for the Purpose of determining if Specific
Antigens could be prepared for Benign and Malignant Tertian Malaria.
The first two experiments conducted led us to believe that the reaction was a specific one, and we are still in doubt about this matter, as it is extremely difficult to determine whether or not a patient may at one time or another have been doubly infected. Experience of over 3,000 infections shows us that it is quite common for a patient to have a primary infection with Plasmnodium falciparum and afterwards to return to hospital with a Plasmodium vivax infection, which seems to persist longer.
As there is frequently no record of the parasites in previous attacks, it is quite impossible to exclude double infections. Difficulties also in the sensitiveness and strength of the antigen prepared also play a part in these observations. This series of experiments show that there may be a certain Section of Medicimne specific action, but it also tends to show that there is probably a group reaction for malaria. Experiments conducted by Noguchi and Craig seemed to prove that there are specific group reactions in the way of complement fixation between Treponema pallidum, Treponema pertenue, and Treponema microdentium, as antigens prepared: from pure cultures of these may give complement fixations in the presence of syphilitic serum.
(D) Further Experii*ents mnade by using an Antigen prepared from, Spleen of a Malignant Tertian Case and Antigen prepared from Cultures of Plasmodium vivax.
These experiments show that certain cases give a specific reaction to the infection found, but in other cases a positive reaction is obtained when using either antigen.
(E) Series of Cases done using a Compound Malaria Antigen composed of ten cultures of Benign Tertian Malaria (Plasmodium vivax).
Cases of benign tertian were chosen which had been infected in different zones; the following strains of parasites were added in as far as possible equal quantities, to the same tube and mixed: It was found necessary to dilute the original solution of the parasites 1 in 100 with normal saline in order to get rid of the anticomplementary action, and as a result our antigen was very much weakened. With this antigen we have obtained positive results with a large number of cases, both benign and malignant tertian malaria, all of which had parasites in the peripheral blood at the time the serum was examined. One case, a benign tertian, gave a completely negative result, indicating that there must have been extremely little antibody present in the serum. Negative results in such patients are difficult to explain, but it is quite possible that at certain stages, even when parasites are present in the blood stream, antibodies are scarce, probably because they have not had time to form, or because the patient was deficient in reaction to the parasites. These experiments show that it is extremely difficult to estimate what is a sufficient treatment for any individual case of malaria. Most of the patients had many attacks of fever and numerous admissions to hospital. On each admission they were treated with quinine and discharged after varying intervals.
A study of the results obtained in complement deviation shows that certain patients react very rapidly to the treatment, but others remain positive in spite of prolonged dosage with the drug. It would seem to us. that we have here a parallel in syphilis, where it is well known that the best results are obtained by attacking the disease during the primary stage, and complete cure is not uncomnmon. If, however, the disease becomes chronic, in many cases it is incurable. Inefficient treatment of malaria during the initial attack only leads to difficulties and makes the condition much more resistant to cure afterwards.
Patients who come into hospital with malaria undergo a course of treatment with quinine and are discharged; some of these return after varying intervals with a fresh attack, but others disappear and seem to carry on without relapsing, or at least without having sufficient fever to make them ask admission to hospital. It was noted that many of the above cases gave a positive result after very prolonged treatment, and that others became negative, but so far we have not been able to trace whether the patients relapsed or not. In nearly every instance where a patient had been free from malarial attacks for a period of one year, the blood was found by us to be negative.
(G) Experiments done correlating the large Mononuclear Count with
the Complement DRviation.
A few observations were made correlating the large mononuclearleucocyte count with the complement deviation, and it was found that
